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(1977) observed that bog vegetation will take advantage of nutrients in
the peat wherever possible. The major impediment to this process,
according to Stanek, would be waterlogging, although the other extreme
(desiccation) is also a formidable obstacle.

For some levels of production, the study areas have definite nutrient
deficiencies. Fertilization would be required for tree production according
to the results reported by Stanek (1977). The concern here, however, is
not necessarily tree production, but rather the reestablishment of natural
vegetation on the bare peat surface. Consequently, it does not seem that
the inability of Field 1 to revegetate can be attributed to a paucity of
nutrients. In fact, as mentiocned earlier, the abundance of certain ele-
ments (Mn, Al, Pb) particularly in the surface, may be inhibiting growth
(Table 5). Although Field 1 is not severely bereft of nutrients (according
to Stanek 1977) in comparison to Field 2, it has significantly lower con-
centrations of certain important elements (Table 5). The dynamic process
of peat formation continues on Field 2, while Field 1 seems trapped in a
static, nonproductive state. Any type of nutrient cycling on Field 1 is

probably minimal, due to the lack of vegetation.

pH
Sampling for peat pH was accomplished on both Fields 1 and 2, the
Ditch Banks, and Control. The pH of the dry field was lower than the

wet field (Table 6).



32

Table 6. Mean pH for two soil depths on Field 1, Field 2, Ditch Banks,

and Control.
Soil depth (cm) Field 1 Field 2 Ditch Banks Control
(dry) (wet) '
0-2 3.53 4.69 4,02 3.68
8-12 3.69 4.80 3.47 3.46

It has been reported that soil acidity increases after drainage of
peatlands, and that a permanently saturated condition produces relatively
higher pH values (Pearsall 1238). The effects of drying and the attendant
increases in surface oxidation are both causes for a lowering of pH
(Pearsall 1938). In light of this, the differences between the various
sampling sites are not remarkable in terms of inhibiting or encouraging
growth.

Field 2 is consistently more basic (o = 0.01) than the other sampling
areas, probably because of its very wet condition. The ditch banks on
Field 1 were also more basic at the surface than either Field 1 or the
Control. A low pH alone cammot be used to explain why Field 1 remains
bare. Indeed, the control area has pH values that are comparable to or
lower than the same levels on Field 1. Malterer et al. (1979) reported
that pH values for 61 raised bogs in northern Minnesota ranged from
2.8-4.5 in the upper layers, which is camparable with the values measured

in this study.
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However, the effects that low pH has on nutrient availability cannot
be overlooked (Figure 2). As mentioned earlier, low pH can cause an
abundance of aluminum ions, which can inhibit the uptake Qf phosphorous.
Also, the simple presence of aluminum and other toxic ions can be detri-

mental.

Redox Potential

Measurement of redox potential was conducted in both fields and the
Control area. A saturated calomel electrode was used. Potential values
(E'h) were corrected to a pH of 5.0 by adding 58 nV for each unit of pH
above 5.0 or reducing for pH values below 5.0 (Pearsall 1938).

Any measurement of redox potential taken under natural field condi-
tions represents only a quasi-equilibrium and not a true equilibrium
because of the dynamic biological processes. Additional problems of
instability occur because the concentrations of oxidizing and reducing
substances that control the potential are so low that the potential is
sensitive to even very minor disturbances. Because of the unknown systems
involved in natural soil redox processes, the potentials measured in the
field are to be regarded as an indication of the intensity of reduction
and oxidation reactions.

The redox potential of the dry field was much higher than the wet
field (Table 7). Pearsall (1938) in an early study of redox potential in
various soil complexes stated that soils (mineral or organic) below an E5

of 320 millivolts are termed reducing because of the presence of ferrous

iron and the absence of nitrates. Conversely potentials above 320
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Table 7. Mean redox potentials and their ranges measured on Fields 1
and 2 and Control.

Redox potential (nV)

Area Range (Eh) Mean (Eh) Mean E5
Field 1 (dxy) 432 - 848 796 807
Field 2 (wet) -86 - 70 =17 2
Control 665 - 874 764 854

millivolts indicate oxidation. In an example of a disturbed peatland,
Pearsall noted that high acidity, partial drying, and oxidation of the
original peat are all closely related. Pearsall suggests that a pH of
about 4.5 in a weakly oxidizing or reducing environment represents
optimum conditions for accumulation of Sphagnum peat. Actual conditions
on Field 2 are more reducing than this optimum but nonetheless are more
appropriate for such peat formation than Field 1. Pearsall states that
oxidation in moist organic soils leads to increased acidity and that
drainage of these soils will cause a replacement of water with air which
results in a higher hydrogen ion concentration (pH) and a redox potential
increase.

All of these conditions are occurring on Field 1 as a result of
drainage. Coincidentally, the conditions existing on the Control are
very similar to those found on Field 1 in terms of pH and redox potential.
Given this, it appears that‘the removal of all vegetation on Field 1
results in conditions unfavorable for reestablishment but not necessarily

for growth. Another factor to take into consideration is that redox
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measurement on the Control is difficult because the reference electrode

is inserted in peat that is highly fibric and has large air spaces.
DISCUSSION

It is apparent from the results of this study that several physical
and chemical differences exist between the two study fields. Most
striking, of course, are the disparities in the amounts of water held in
the peat and as represented by the ground-water depths. The results of
many of the other measurements can be attributed to the effects of ditching
and sustained depression of the ground-water level on Field 1.

There remain a few puzzling relationships, though, that must be dis=-
cussed. The phenomenon of the well-vegetated Ditch Banks is one which
requires additional exploration. The trees (Picea mariana, Betula
papyrifera) on the Ditch Banks were determined to have become established
about the time that the area was drained and stripped of vegetation.
There are many possible reasons why trees and other plants are growing
on the Ditch Banks, and perhaps a combination of these reasons provides -
the best explanation. The proximity of this area to the water in the
ditches may have provided some additional moisture necessary for estab-
lishment. The closer proximity to a seed source may also be favorable to
early establishment. Another possibility is that because the peat was
scooped from lower layers and piled along the banks, the processes of
compaction and subsidence were hindered. In addition, the seasonal

fluctation of ground-water levels on the Ditch Banks averaged between
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about 10-25 cm in contrast to an average seasonal fluctuation of 36 cm
in the middle of Field 1. IL#hde (1969) concluded that root penetration
in peat soils correlates positively with depth to ground-water level and
distance from the drainage ditch. He found that the greater the distance
from the ditch, the thinner the soil layer in which living root systems
are found because the water table is closer to the surface near the middle
of a drained field. In reference to the aercbic limit, L4hde reported
that the greater the depth to this limit during the growing season, the
larger the volume of timber produced. Since the ground-water level is
deepest below the Ditch Banks, it can be assumed that the aercbic limit
is deeper than the aerobic limit in the middle of the field, although
measurements for this were not taken. Finally, as the middle of Field 1
was being worked, the Ditch Banks were allowed to naturally revegetate,
and the increasing shading probably provided a good envivonment for
additional plant establishment and growth.

The similarity between the pH and redox potentials measured on Field
1 and the Control warrant additional discussion with reference to the
aerobic limit. L&hde (1971) reported results on a study of three peat-
land types including treeless bogs, pine bogs, and spruce swamps. He
found that the aerobic limit closely followed the ground water level with
the former usually found 5-15 cm above the latter. Again, the aerobic
limit was not specifically determined in the present study, but it can,
with reascnable assurity, be assumed that it is considerably higher on

Field 1 than on the Control. While it is true that the ground water
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level on Field 1 was at times in excess of 40 cm in depth, the lowering
of the ground water table does not always result in a lowering of the

of the aerobic limit (IL4hde 1969). A rise in the ground-water table,
however, is closely followed by a rise in the aerobic limit. Furthermore,
it has been shown that the aerobic limit more closely follows the ground-
water level when the latter is rising and is more slow to fall as the
ground-water level falls (Lghde 1969). Drainage of Field 1 has resulted
in compaction and probably the formation of a slowly permeable surface
layer and decreasing infiltration, which will tend to limit downward
movement of water. The Control can be assumed to have a deeper aerobic
limit simply because of the presence of extensive root systems.

The ash content and bulk density results need further discussion as
well. The distribution of elements in peat profiles are more dependent
on biotic factors than on chemical or physical factors (Sillanpaa 1972).
This is obvious in that peat, in a natural state, is continuously growing
in depth due to an accumulation of plant materials in early stages of
decomposition. Sillanpaa studied the distribution of trace elements in
two peat profiles and found tham;: ash content and the presence of certain
elements increased with depth. An accumulation of minerals on the surface,
however, was also noted and attributed to the activities of the most
recent generations of plants. Sillanpaa postulates that the trace elements
in the profile originated in the mineral soil substrate which underlies
the peat. As plants grew and decayed, elements were lifted first from the

mineral soil and subsequently from the peat itself. Each generation of
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plants would derive nutrients from below and upon dying cause an accumula-
tion of minerals to be drawn upon by successive generations. In this way
elements are translocated upward through the peat profile. As peat
accumulates and depth to the mineral soil increases, plant roots are no
longer in contact with the mineral substrate and continued growth becomes
dependent on the nutrients found in the peat. Each additional plant
community will therefore have a smaller reserve of nutrients to draw
upon as the peat layer thickens. 2As a result, the content of trace
elements will become less as peat accumulation continues. Sillanpaa
(1972) cites an extreme case of this process in raised Sphagrnum bogs
which are decidedly deficient in all nutrients. This theory ignores
atmospheric sources of nutrients.

Relating Sillanpaa's theory of translocation of elements upward
through the peat profile to this study, it is necessary to view a cross
section of the two fields in question (Figure 10). It appears that Field
2 was mined to a deeper degree than Field 1 and therefore, it can be
expected that the first plants appearing on Field 2 would be able to draw
on a greater proportion of minerals because of the greater depth into the
profile. More minerals would be translocated upward resulting in the
relatively high ash content figures for both surface and subsurface
layers. In contrast, Field 1 was not mined as deeply and therefore while
the surface has an ash content camparable to that on the surface of Field
2, the soil in 8-12 cm depth shows significantly less mineral content

than the soil of the same depth on Field 2. The high ash content on the
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surface of Field 1 can be attributed to higher oxidation and mineraliza-
tion of the peat than in Field 2. Bulk density is higher on Field 1
because of the effects of drainage on the peat structure. Well-documented
research throughout Eurcpe and Canada have shown that drainage of peat-
lands has the following physical effects:

1. decrease in permeability (fewer macropores in proportion

to micropores)

2. increase in bulk density
3. increased consolidation of peat soil
4. increase in subsidence

These processes are caused by an oxidation of organic matter, shrinkage
of the top soil due to drying, and compaction of subsoil due to a loss
of buoyancy.

The subject of redox potential also warrants some final comments.
Haavisto (1974) determined that large rainfall events affect redox poten-
tial making soil conditions more reducing. Figure 11 depicts the relation
between redox potential throughout the summer and precipitation and depth
to the ground-water level. It is obvious that, as Haavisto theorized,
rainfall on dry peatlands causes greater changes in redox potential and
consequently may affect greater changes in the chemical balance of the
peat. The precipitation events occurring at the end of August and early
September resulted in an abrupt and drastic drop in redox potential on
Field 1. The potential on Field 2 was not affected nearly as much. On

the Control, the redox potential was essentially unaffected by the rainfall.
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Exactly how such a rapid change from an oxidizing condition to a reducing
condition may deleteriously affect growth conditions on Field 1 is uncer-
tain except for the possibility of changes in the ionic balance of the

peat that may be detrimental to plant development.
SUMMARY

Several differences in the physical and chemical characteristics of
the bare and revegetated mined fields were observed. The bare field had
a higher bulk density and a lower moisture content, water table level, pH,
and concentration of plant nutrients than the revegetated Sphagmum field.
Redox potential measurements indicate that the bare field is under oxi=-
dizing conditions whereas the revegetated field is under highly reducing
conditions. The ash content of the peat was similar between fields and
not different from other Minnesota peatlands.

The differences between the bare and vegetated fields for bulk
density, pH, nutrients, and redox potential are not considered sufficient
to prevent but may retard plant germination and growth. The maximum
surface temperature of the bare peat of 46°C is high but not considered
lethal to plants or sufficient to inhibit germination.

However, the differences in soil moisture are pronounced. The
moisture content (0.D.W.) at the surface of the bare peat was only eight
percent, whereas the surface of the revegetated peat contained 159 percent
moisture. Drainage by ditching of the bare field has resulted in much

lower water table levels in the peat than in the revegetated field where
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water tables were near or above the peat surface. The lack of adequate
moisture is likely the factor limiting revegetation.

To enhance revegetation of mined peatlands, it is recommended that
drainage ditches be plugged or filled to raise water table levels and

increase the available moisture at the surface of the peat.
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